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(57) ABSTRACT

The dual-band antenna device includes: a feeding electrode
that branches into a first branch feeding electrode that serves
as a low-frequency signal path and a second branch feeding
electrode that serves as a high-frequency signal path; and a
radiation electrode having a rectangular shape with a lon-
gitudinal direction and having a low-frequency feeding point
to which the first branch feeding electrode is electrically
connected and a high-frequency feeding point to which the
second branch feeding electrode is electrically connected. In
the radiation electrode, the low-frequency feeding point or
the high-frequency feeding point is formed close to an end
portion of the rectangular shape in the longitudinal direction,
and the high-frequency feeding point or the low-frequency
feeding point is formed at a center portion of a side of the
rectangular shape that extends in the longitudinal direction.
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1
DUAL BAND ANTENNA DEVICE

This is a continuation of International Application No.
PCT/IP2018/018891 filed on May 16, 2018 which claims
priority from Japanese Patent Application No. 2017-124781
filed on Jun. 27, 2017. The contents of these applications are
incorporated herein by reference in their entireties.

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

The present disclosure relates to an antenna device used
for wireless communications, and more particularly relates
to a dual-band antenna device that operates at a low-
frequency and a high-frequency with respect to radio-fre-
quency signals.

Description of the Related Art

As a dual-band antenna device of the related art, for
example, a configuration of a radiator in which a capacitor
and an inductor are provided between two radiation con-
ductors has been proposed (for example, refer to Patent
Document 1). The antenna device in Patent Document 1
realizes dual-band operation by operating in either a loop
antenna mode or a monopole antenna mode using the two
radiation conductors in accordance with the operation fre-
quency of the radiator.

FIG. 18 is a diagram illustrating the configuration of the
antenna device disclosed in Patent Document 1. In the
antenna device in Patent Document 1, a radiator 100 is
formed of two radiation conductors 101 and 102, an inductor
103, and a capacitor 104. The first radiation conductor 101
has a square U shape and has two end portions. The inductor
103 is connected to one end of the first radiation conductor
101, and the capacitor 104 is connected to the other end of
the first radiation conductor 101. Similarly, the second
radiation conductor 102 has a square U shape and has two
end portions. The inductor 103 is connected to one end of the
second radiation conductor 102, and the capacitor 104 is
connected to the other end of the second radiation conductor
102. In the antenna device disclosed in Patent Document 1,
the radiator 100 is configured such that the first radiation
conductor 101, the inductor 103, the second radiation con-
ductor 102, and the capacitor 104, are connected to each
other in a loop.

In the antenna device of the related art illustrated in FIG.
18, a signal source 105 of low-frequency and high-fre-
quency radio-frequency signals is connected to a corner part
of the first radiation conductor 101 at a feeding point P1
(refer to FIG. 18). Furthermore, the signal source 105 is
connected to a ground conductor 106, which is provided
close to the radiator 100, at a feeding point P2.

Patent Document 1: International Publication No. 2012/
124247

BRIEF SUMMARY OF THE DISCLOSURE

In the antenna device of the related art illustrated in FIG.
18, when the radiator 100 is excited at a low-frequency, a
current flows through the two radiation conductors 101 and
102, which are electrically connected to each other in a loop,
via the inductor 103 and the capacitor 104, and the radiator
100 operates in the loop antenna mode. An open end of the
current flowing through the radiation conductors 101 and
102 at this time is at a position in the second radiation
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conductor 102 close to the ground conductor 106. On the
other hand, when the radiator 100 is excited at a high-
frequency, a current flows to the second radiation conductor
102 via the capacitor 104 but hardly any current flows
through the inductor 103 between the first radiation conduc-
tor 101 and the second radiation conductor 102, and the
radiator 100 operates in the monopole antenna mode. The
open end of the current flowing through the second radiation
conductor 102 at this time is also at a position in the second
radiation conductor 102.

There is a problem with the configuration of the antenna
device illustrated in FIG. 18 in that the antenna efficiency in
the low-frequency band and the antenna efficiency in the
high-frequency band are affected by each other and when the
antenna efficiency is optimized in either the low-frequency
band or the high-frequency band, the antenna efficiency in
the other frequency band deteriorates.

An object of the present disclosure is to provide a dual-
band antenna device that has high antenna performance in
both low-frequency and high-frequency resonance opera-
tions.

In order to achieve this object, one aspect of the present
disclosure provides a dual-band antenna device that
includes: a power source that outputs low-frequency and
high-frequency signals; a feeding electrode to which the
low-frequency and high-frequency signals are supplied from
the power source and that branches into a first branch
feeding electrode that mainly serves as a low-frequency
signal path and a second branch feeding electrode that
mainly serves as a high-frequency signal path; a radiation
electrode having a rectangular shape with a longitudinal
direction and having a low-frequency feeding point to which
the first branch feeding electrode is electrically connected
and a high-frequency feeding point to which the second
branch feeding electrode is electrically connected; an induc-
tor element that is provided in the feeding electrode and
forms the low-frequency signal path in the feeding elec-
trode; and a capacitor element that is provided in the feeding
electrode and forms the high-frequency signal path in the
feeding electrode. In the radiation electrode, the low-fre-
quency feeding point is formed close to an end portion of the
rectangular shape in the longitudinal direction and the
high-frequency feeding point is formed at a center portion of
a side of the rectangular shape that extends in the longitu-
dinal direction, or the high-frequency feeding point is
formed close to an end portion of the rectangular shape in
the longitudinal direction, and the low-frequency feeding
point is formed at a center portion of a side of the rectangular
shape that extends in the longitudinal direction.

According to the present disclosure, there can be provided
a dual-band antenna device that has high antenna perfor-
mance in both low-frequency and high-frequency resonance
operations.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a diagram illustrating the configuration of a
dual-band antenna device of embodiment 1 according to the
present disclosure.

FIG. 2 is a diagram illustrating a specific example con-
figuration used in a simulation experiment for the dual-band
antenna device of embodiment 1.

FIG. 3 is a frequency characteristic diagram illustrating
the results of the simulation experiment for the dual-band
antenna device of embodiment 1.
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FIGS. 4A and 4B illustrate diagrams depicting results
obtained from the simulation experiment using low-fre-
quency and high-frequency signals for the dual-band
antenna device of embodiment 1.

FIG. 5 is a configuration diagram illustrating a compara-
tive example for comparison with the configuration of the
dual-band antenna device of embodiment 1.

FIGS. 6A and 6B illustrate contour diagrams depicting
current density when excitation is performed at a high-
frequency in the dual-band antenna device of first embodi-
ment 1 and the comparative example.

FIG. 7 is a frequency characteristic diagram illustrating
the results of a simulation experiment performed for the
comparative example.

FIG. 8 is a diagram illustrating a modification of the
dual-band antenna device of embodiment 1.

FIG. 9 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 2
according to the present disclosure.

FIG. 10 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 3
according to the present disclosure.

FIG. 11 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 4
according to the present disclosure.

FIG. 12 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 5
according to the present disclosure.

FIG. 13 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 6
according to the present disclosure.

FIG. 14 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 7
according to the present disclosure.

FIG. 15 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 8
according to the present disclosure.

FIG. 16 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 9
according to the present disclosure.

FIG. 17 is a diagram schematically illustrating the con-
figuration of a dual-band antenna device of embodiment 10
according to the present disclosure.

FIG. 18 is a diagram illustrating the configuration of an
antenna device of the related art.

DETAILED DESCRIPTION OF THE
DISCLOSURE

First, the configurations dual-band antenna devices
according to various aspects of the present disclosure will be
described.

A dual-band antenna device of a first aspect of the present
disclosure includes:

a power source that outputs low-frequency and high-
frequency signals;

a feeding electrode to which the low-frequency and
high-frequency signals are supplied from the power source
and that branches into a first branch feeding electrode that
mainly serves as a low-frequency signal path and a second
branch feeding electrode that mainly serves as a high-
frequency signal path;

a radiation electrode having a rectangular shape with a
longitudinal direction and having a low-frequency feeding
point to which the first branch feeding electrode is electri-
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cally connected and a high-frequency feeding point to which
the second branch feeding electrode is electrically con-
nected;

an inductor element that is provided in the feeding elec-
trode and forms the low-frequency signal path in the feeding
electrode; and

a capacitor element that is provided in the feeding elec-
trode and forms the high-frequency signal path in the
feeding electrode.

In the radiation electrode, the low-frequency feeding
point is formed close to an end portion of the rectangular
shape in the longitudinal direction and the high-frequency
feeding point is formed at a center portion of a side of the
rectangular shape that extends in the longitudinal direction,
or the high-frequency feeding point is formed close to an end
portion of the rectangular shape in the longitudinal direction,
and the low-frequency feeding point is formed at a center
portion of a side of the rectangular shape that extends in the
longitudinal direction.

In the thus-configured dual-band antenna device of the
first aspect, the antenna efficiency can be optimized at the
respective resonant frequencies in both the low-frequency
band and the high-frequency band without the antenna
efficiency in the low-frequency band and the antenna effi-
ciency in the high-frequency band affecting each other.

A dual-band antenna device of a second aspect of the
present disclosure may be configured so that, in the radiation
electrode of the first aspect, the low-frequency feeding point
is formed close to an end portion of a side of the rectangular
shape that extends in the longitudinal direction and a low-
frequency signal is supplied thereto from the power source,
and the high-frequency feeding point is formed at a center
portion of a side of the rectangular shape that extends in the
longitudinal direction and a high-frequency signal is sup-
plied thereto from the power source.

A dual-band antenna device of a third aspect of the present
disclosure may be configured so that, in the radiation elec-
trode of the first aspect, the low-frequency feeding point is
formed on a side of the rectangular shape that extends in a
direction perpendicular to the longitudinal direction and a
low-frequency signal is supplied thereto from the power
source, and the high-frequency feeding point is formed at a
center portion of a side of the rectangular shape that extends
in the longitudinal direction, and a high-frequency signal is
supplied thereto from the power source.

In a dual-band antenna device of a fourth aspect of the
present disclosure, the inductor element may be provided on
a path extending from the power source to the low-fre-
quency feeding point of the radiation electrode via the first
branch feeding electrode in any one of the first to third
aspects.

In a dual-band antenna device of a fifth aspect of the
present disclosure, the capacitor element may be provided
on a path extending from the power source to the high-
frequency feeding point of the radiation electrode via the
second branch feeding electrode in any one of the first to
fourth aspects.

In a dual-band antenna device of a sixth aspect of the
present disclosure, at least two capacitor elements may be
provided on the path extending from the power source to the
high-frequency feeding point of the radiation electrode via
the second branch feeding electrode in the fifth aspect.

In a dual-band antenna device of a seventh aspect of the
present disclosure, the dual-band antenna device may further
include a ground electrode to which the power source is
connected, and as well as having a rectangular shape with a
longitudinal direction, the radiation electrode may be
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formed to have a convex shape that projects toward the
ground electrode, the high-frequency feeding point may be
arranged at a center portion of the convex shape and the
second branch feeding electrode may be electrically con-
nected thereto, and when excitation is performed using a
high-frequency signal, a long side of the rectangular shape
that extends in the longitudinal direction and faces the
convex shape may act as an open end in any one of the first
to sixth aspects.

In a dual-band antenna device of an eighth aspect of the
present disclosure, the feeding electrode may include a
common feeding electrode to which low-frequency and
high-frequency signals are supplied from the power source
and that branches into the first branch feeding electrode and
the second branch feeding electrode, and the inductor ele-
ment may be electrically connected to the first branch
feeding electrode, and the capacitor element may be elec-
trically connected to the second branch feeding electrode in
any one of the first to seventh aspects.

In a dual-band antenna device of a ninth aspect of the
present disclosure, the inductor element may be formed of a
conductor pattern having an inductance in any one of the
first to eighth aspects.

In a dual-band antenna device of a tenth aspect of the
present disclosure, the capacitor element may be formed of
a conductor pattern having a capacitance in any one of the
first to ninth aspects.

Hereafter, a dual-band antenna device according to the
present disclosure will be described while referring to the
drawings using a plurality of embodiments illustrating vari-
ous configurations. The configurations of antenna devices
that operate with frequencies of a 2.4 GHz band and a 5 GHz
band frequency as low and high resonance frequencies will
be described as dual-band antenna devices in the following
description, but the present disclosure is limited to these
frequency bands.

Embodiment 1

FIG. 1 is a diagram illustrating the configuration of a
dual-band antenna device according to embodiment 1 of the
present disclosure. As illustrated in FIG. 1, in the dual-band
antenna device of embodiment 1, electrode patterns (2, 3,
and 4) are formed and various adjusting elements (5, 6, and
7) are provided on a base 1 formed of a dielectric material
or the like.

In the dual-band antenna device of embodiment 1, a
rectangular radiation electrode 2, a feeding electrode 3 that
branches into two branches, and a ground electrode 4 that is
grounded are formed on the same plane. The radiation
electrode 2 has a substantially rectangular shape, and a first
branch feeding electrode 3a and a second branch feeding
electrode 356 of the feeding electrode 3 are electrically
connected to one side (lower long side in FIG. 1) 2a of the
radiation electrode 2 that extends in the longitudinal direc-
tion of the radiation electrode 2. The radiation electrode 2 is
provided at a position that is separated from the ground
electrode 4 by a prescribed distance (for example, several
millimeters). In the radiation electrode 2, the long side 2a to
which the feeding electrode 3 is electrically connected is the
long side that faces and is closest to the ground electrode 4.
In addition, in this specification, “electrically connected”
refers to not only the case of being connected in direct
contact but also the case of being connected via an electrical
element such as a capacitor element or an inductor element.

The feeding electrode 3 includes the first branch feeding
electrode 3a and the second branch feeding electrode 354,
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which are electrically connected to the long side 2a of the
radiation electrode 2 that faces the ground electrode 4, and
a common feeding electrode 3¢. One end of the common
feeding electrode 3¢ is connected to a power source 8 and
the other end of the common feeding electrode 3¢ is con-
tinuously connected to and branched into the first branch
feeding electrode 3a and the second branch feeding elec-
trode 3b. In FIG. 1, the connection point between the first
branch feeding electrode 3a and the radiation electrode 2 is
indicated by a symbol “A”, and the connection point
between the second branch feeding electrode 35 and the
radiation electrode 2 is indicated by a symbol “B”. Further-
more, a branching point at which the feeding electrode 3
branches into the two branches is indicated by a symbol “C”.

The position of the connection point A is close to one end
portion of the long side 2a of the radiation electrode 2.
“Close to an end portion” in this specification and so forth
refers to a position that is within 20% of the length of the
long side 2a of the radiation electrode 2 from the end portion
of the radiation electrode 2 in the longitudinal direction. On
other hand, the position of the connection point B is a
position at a center portion of the long side 2a of the
radiation electrode 2. The position of the connection point A
serves as a low-frequency feeding point to which the low-
frequency signal is supplied. On the other hand, the position
of'the connection point B serves as a high-frequency feeding
point to which the high-frequency signal is supplied. “Cen-
ter portion” in the present specification and so forth refers to
a position within £10% of the length of a certain side of the
radiation electrode 2 from the center of the side.

The common feeding electrode 3¢ and the first branch
feeding electrode 3a are electrically connected to each other
via the first adjusting element 5. An inductor element
(inductor chip) having an inductance is used as the first
adjusting element 5. On the other hand, the second adjusting
element 6 is provided between the common feeding elec-
trode 3¢ and the second branch feeding electrode 35, and the
common feeding electrode 3¢ and the second branch feeding
electrode 35 are electrically connected to each other via the
second adjusting element 6. Furthermore, the second branch
feeding electrode 35 is connected to the radiation electrode
2 via the third adjusting element 7. Capacitor elements
(capacitor chips) having capacitances are used as the second
adjusting element 6 and the third adjusting element 7.

The second adjusting element 6 is provided at the branch-
ing point C. In addition, the third adjusting element 7 is
connected to the connection point B. Although the first
adjusting element 5 is provided at the connection point
between the common feeding electrode 3¢ and the first
branch feeding electrode 3a, the first adjusting element 5 is
spaced apart from the position of the branching point C, and
the first adjusting element 5 and the second adjusting
element 6 are connected to each other via the common
feeding electrode 3c.

As described above, the first adjusting element 5 is
provided on a first current path X (low-frequency feeding
path) that extends from the power source 8 to the radiation
electrode 2 via the common feeding electrode 3¢ and the first
branch feeding electrode 3a. On the other hand, the second
adjusting element 6 and the third adjusting element 7 are
provided on a second current path Y (high-frequency feed-
ing path) that extends from the power source 8 to the
radiation electrode 2 via the common feeding electrode 3¢
and the second branch feeding electrode 35.

In the configuration of embodiment 1, the second adjust-
ing element 6 and the third adjusting element 7 are con-
nected in series with each other on the second current path
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Y (high-frequency feeding path). Therefore, the dual-band
antenna device of embodiment 1 has a configuration that
allows fine adjustment in a resonance operation.

As described above, one end of the power source 8 is
electrically connected to the feeding electrode 3 so as to
supply low-frequency and high-frequency signals to the
feeding electrode 3 and excite the radiation electrode 2, and
the other end of the power source 8 is electrically connected
to the ground electrode 4.

[Excitation Operation in Dual-Band Antenna Device]

First, description will be given of an excitation operation
of exciting the radiation electrode 2 in the dual-band antenna
device of embodiment 1 that is induced by the power source
8 supplying a signal having a low-frequency, for example,
the frequency of a 2.4 GHz band, to the feeding electrode 3.
In this excitation operation, a current from the power source
8 is supplied to a connection point (low-frequency feeding
point A) of the radiation electrode 2 via the branch point C,
along the first branch feeding electrode 3a and through the
first adjusting element 5, which is a low impedance inductor
element, for example. In other words, when a low-frequency
signal is supplied to the feeding electrode 3, the low-
frequency signal is supplied along the first current path X
(low-frequency feeding path) to the low-frequency feeding
point A of the radiation electrode 2. When a low-frequency
signal is supplied to the feeding electrode 3, since the second
adjusting element 6, which is a capacitor having a high
impedance, is provided at the branching point C, the current
from the power source 8 negligibly flows along the second
current path Y (high-frequency feeding path) and mainly
flows along the first current path X (low-frequency feeding
path) and is supplied to the low-frequency feeding point A
of the radiation electrode 2.

When a current is supplied to the low-frequency feeding
point A, which is at the position of an end portion of the
radiation electrode 2 in the longitudinal direction, the cur-
rent flows along the longitudinal direction from the one end
portion of the radiation electrode 2 to the other end portion
of the radiation electrode 2 on the opposite side, and
low-frequency radio waves are radiated from the radiation
electrode 2. As a result, in the dual-band antenna device of
embodiment 1, a monopole antenna is formed in which one
short-side end portion of the radiation electrode 2 in the
longitudinal direction serves as a feeding end, and the other
short-side end portion of the radiation electrode 2 in the
longitudinal direction acts as an open end.

Next, description will be given of an excitation operation
of exciting the radiation electrode 2 in the antenna device
that is induced by the power source 8 supplying a signal
having a high-frequency, for example, the frequency of a 5
GHz band, to the feeding electrode 3. In this excitation
operation, a current from the power source 8 is supplied to
a connection point (high-frequency feeding point B) of the
radiation electrode 2 via the branching point C and through
the second adjusting element 6, which is a capacitor element
having a low impedance, the second branch feeding elec-
trode 35 and the third adjusting element 7. In other words,
when a high-frequency signal is supplied to the feeding
electrode 3, the high-frequency signal is supplied along the
second current path Y (high-frequency feeding path) to the
high-frequency feeding point B of the radiation electrode 2.
At this time, since the first adjusting element 5, which is an
inductor element having a high impedance, is provided close
to the branching point C, the current from the power source
8 negligibly flows along the first current path X (low-
frequency feeding path) and mainly flows along the second
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current path Y (high-frequency feeding path) and is supplied
to the high-frequency feeding point B of the radiation
electrode 2.

When the current is supplied to the high-frequency feed-
ing point B, which is at the position of a center portion of the
long side 2a of the radiation electrode 2 that extends in the
longitudinal direction, the current flows in a lateral direction
(upward in FIG. 1) from the one long side (2a) of the
radiation electrode 2. In this way, the current in the radiation
electrode 2 flows toward the other long side (256), which is
on the opposite side, and high-frequency radio waves are
radiated without return loss from the radiation electrode 2.
As aresult, in the dual-band antenna device of embodiment
1, amonopole antenna is formed in which one long side (2a)
end portion of the radiation electrode 2 in the longitudinal
direction serves as a feeding region and the other long side
(2b) end portion of the radiation electrode 2 in the longitu-
dinal direction acts as an open end.

FIG. 2 is a diagram illustrating a specific example con-
figuration used in a simulation experiment for the dual-band
antenna device of embodiment 1. As illustrated in FIG. 2, the
radiation electrode 2 has a length of 10.5 mm in the
longitudinal direction and a length of 4.5 mm in the lateral
direction. The position of the high-frequency feeding point
B in the radiation electrode 2 at which the second branch
feeding electrode 35 is electrically connected to the radiation
electrode 2 is a position that is at a center portion of the long
side 2a of the radiation electrode 2 and is 5.0 mm from the
end portion (left end in FIG. 2) of the radiation electrode 2
in the longitudinal direction. The distance from the long side
2b of the radiation electrode 2 where the second branch
feeding electrode 35 is not connected to the proximal side of
the ground electrode 4 is 9.0 mm and the distance to the far
side of the ground electrode 4 is 40.0 mm. In addition, the
ground electrode 4 has a rectangular shape with a length and
width of 31.0 mmx20.0 mm.

Furthermore, the frequency bands used in the simulation
experiment are a 2.4 GHz band (2.4-2.484 GHz) and a 5
GHz band (5.15-5.85 GHz) of a WL AN, which is a wireless
LAN. A 2.4 nH inductor chip is used as the first adjusting
element 5, which is an inductor element. 0.4 pF capacitor
chips are used as the second adjusting element 6 and the
third adjusting element 7, which are capacitor elements.

FIG. 3 is a frequency characteristic diagram illustrating
the results of the simulation experiment performed for the
dual-band antenna device of embodiment 1 configured as
described above. In the frequency characteristic diagram of
FIG. 3, the vertical axis represents return loss and the
horizontal axis represents frequency. As illustrated in the
frequency characteristic diagram of FIG. 3, it is clear that
radiation is performed with very small return loss and high
efficiency in resonance operations in two frequency bands at
a low-frequency (2.4 GHz band) and a high-frequency (5
GHz band).

FIG. 4A is a diagram illustrating the results obtained in a
simulation experiment regarding the manner in which the
current flows when excitation is performed using a low-
frequency (2.4 GHz band) signal in the dual-band antenna
device of embodiment 1. In addition, FIG. 4B is a diagram
illustrating the results obtained in a simulation experiment
regarding the manner in which the current flows when
excitation is performed using a high-frequency (5 GHz
band) signal. In FIGS. 4A and 4B, the results in which the
magnitude of a current flowing in the electrode pattern is
represented by a color arrow are illustrated in black and
white achromatic colors and therefore it is not easy to
determine the magnitude of the current. However, it is clear
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from the experimental results obtained by the inventors that
the path along which the low-frequency signal (2.4 GHz
band) flows (first current path X: refer to FIG. 4A) and the
path along which the high-frequency signal (5 GHz band)
flows (second current path Y: refer to FIG. 4B) are different
from each other.

In other words, when excitation is performed using a
low-frequency (2.4 GHz band) signal, the current from the
power source 8 negligibly flows along the second current
path Y (high-frequency feeding path) and mainly flows
along the first current path X (low-frequency feeding path)
and is supplied to the low-frequency feeding point A of the
radiation electrode 2. On the other hand, when excitation is
performed using a high-frequency (5 GHz band) signal, the
current from the power source 8 negligibly flows along the
first current path X (low-frequency feeding path) and mainly
flows along the second current path Y (high-frequency
feeding path) and is supplied to the high-frequency feeding
point B of the radiation electrode 2.

In addition, when excitation is performed using a low-
frequency (2.4 GHz band) signal, a current flows from one
short side (2¢) region of the radiation electrode 2 to another
short side (2d) region of the radiation electrode 2 (refer to
arrow L in FIG. 4A). Then, the current dissipates in the other
short side (2d) region of the radiation electrode 2 and the
other short side 2d acts as the open end side. On the other
hand, when excitation is performed using a high-frequency
(5 GHz) signal, a current flows from the center portion of
one long side 2a of the radiation electrode 2 to another long
side (2b) region of the radiation electrode 2 (refer to arrow
H in FIG. 4B). Then, the current dissipates in the other long
side (2b) region and the other long side 25 acts as the open
end side.

As described above, in the dual-band antenna device of
embodiment 1, with the rectangular radiation electrode 2
having a single configuration, the antenna efficiency can be
optimized at the respective resonant frequencies in both the
low-frequency band and the high-frequency band without
the antenna efficiency in the low-frequency band and the
antenna efficiency in the high-frequency band affecting each
other. In addition, in the configuration of embodiment 1, two
capacitor elements (second adjusting element 6 and third
adjusting element 7) are connected in series with each other
along the high-frequency feeding path Y, and therefore fine
adjustment can be performed in a high-frequency resonance
operation. The dual-band antenna device of embodiment 1 is
a dual-band antenna device having excellent antenna per-
formance. The dual-band antenna device has high antenna
efficiency in both low-frequency and high-frequency reso-
nance operations, and can realize band widening.

Comparative Example

FIG. 5 is a configuration diagram illustrating a compara-
tive example for comparison with the dual-band antenna
device of embodiment 1. The inventors performed a simu-
lation experiment for the configuration of the comparative
example. In the configuration of the comparative example,
the position of the high-frequency feeding point B at which
the second branch feeding electrode 35 is electrically con-
nected to the radiation electrode 2 is a position that is 7.5
mm from the end portion (left end in FIG. 5) of the radiation
electrode 2 in the longitudinal direction and is not located at
a center portion of the long side 2a of the radiation electrode
2. In other words, in the configuration of the comparative
example, the high-frequency feeding point B is provided at
a position that is shifted to one side so as to be more than
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about 20% from the center of the long side 2a of the
radiation electrode 2. In the comparative example, the
configurations of the other electrode patterns (2, 3a, 3¢, and
4) except for the second branch feeding electrode 364 are
identical. A 2.4 nH inductor chip is used as the first adjusting
element 5, which is an inductor element, and 0.6 pF capaci-
tor chips are used as the second adjusting element 6 and the
third adjusting element 7, which are capacitor elements.

FIGS. 6A and 6B illustrate contour diagrams depicting the
current density when excitation is performed at a high-
frequency (5 GHz band) in the configuration of the dual-
band antenna device of embodiment 1 (FIG. 6A) and the
configuration of the comparative example (FIG. 6B). As
illustrated in FIG. 6A, in the configuration of the dual-band
antenna device of embodiment 1, the high-frequency feed-
ing point B is provided at a center portion of the long side
2a of the radiation electrode 2, and as a result the current
flows from the center portion of the one long side 2a toward
the other long side 25 and there is a current node (open end)
on the long side 25. In other words, it can be confirmed that
the other long side 24 of the radiation electrode 2 is the open
end side in the configuration of the dual-band antenna device
of embodiment 1.

On the other hand, in the configuration of the comparative
example illustrated in FIG. 6B, the high-frequency feeding
point B is provided at a position that is shifted by 20% from
the center of the long side 2a of the radiation electrode 2.
Therefore, the current flows toward the other long side 25
from a position that is shifted along the one long side 2a. As
a result, the current nodes are separated on both sides of the
other long side 2b region of the radiation electrode 2.
Therefore, in the configuration of the comparative example,
in the other long side 24 region of the radiation electrode 2,
currents flow in opposite directions to each other (see arrows
in FIG. 6B) and cancel each other and the antenna perfor-
mance is degraded.

FIG. 7 is a frequency characteristic diagram illustrating
the results of a simulation experiment carried out for the
comparative example configured as described above. In the
frequency characteristic diagram of FIG. 7, the vertical axis
represents return loss and the horizontal axis represents
frequency. Return loss is larger and efficiency degradation
can be confirmed particularly at a high-frequency (5 GHz
band) compared with the frequency characteristic diagram
for the dual-band antenna device of embodiment 1 illus-
trated in FIG. 3 as described above.

In the experiment performed by the inventors, in the case
of excitation with a frequency in the high-frequency band, a
desired high antenna efficiency is exhibited by providing the
position of the high-frequency feeding point B at a center
portion of the long side 2a of the radiation electrode 2.

FIG. 8 is a diagram illustrating a modification of the
dual-band antenna device of embodiment 1. The dual-band
antenna device illustrated in FIG. 8 has substantially the
same configuration as the dual-band antenna device illus-
trated in FIG. 1 except that a feeding electrode 3 A is formed
of a first branch feeding electrode 3Aa and a second branch
feeding electrode 3Ab. In the configuration of the dual-band
antenna device illustrated in FIG. 8, the power source 8 is
connected to one end of the first branch feeding electrode
3Aa, and the other end of the first branch feeding electrode
3 Aais connected to the low-frequency feeding point A of the
radiation electrode 2 via the first adjusting element 5, which
is an inductor element. The low-frequency feeding point A
of the radiation electrode 2 is at a position of an end portion
of the long side 2a of the radiation electrode 2 similarly to
as in the configuration illustrated in FIG. 1.
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On the other hand, one end of the second branch feeding
electrode 3Ab of the feeding electrode 3 is connected to the
first branch feeding electrode 3Aa via the second adjusting
element 6, which is a capacitor element, and the other end
of the second branch feeding electrode 3Ab is connected to
the high-frequency feeding point B of the radiation electrode
2 via the third adjusting element 7, which is another capaci-
tor element. The high-frequency feeding point B of the
radiation electrode 2 is at a position at the center portion of
the long side 2a of the radiation electrode 2 similarly to as
in the configuration illustrated in FIG. 1. In this modification
as well, the position of the high-frequency feeding point B
is preferably provided at the center portion of the long side
24 of the radiation electrode 2.

As described above, in the dual-band antenna device of
embodiment 1, the antenna efficiency can be optimized at
the respective resonant frequencies in both the low-fre-
quency band and the high-frequency band without the
antenna efficiency in the low-frequency band and the
antenna efficiency in the high-frequency band affecting each
other. In particular, the desired antenna efficiency is
achieved by providing the position of the high-frequency
feeding point B, which is the connection point between the
radiation electrode 2 and the feeding electrode 3 for the
high-frequency band, at the center portion of the long side
2a of the radiation electrode 2. Therefore, the dual-band
antenna device of the embodiment 1 has excellent antenna
performance in both a low-frequency band and a high-
frequency band.

Embodiment 2

Hereafter, the configuration of a dual-band antenna device
according to embodiment 2 of the present disclosure will be
described while focusing on points that are different from the
dual-band antenna device of embodiment 1. In the descrip-
tion of embodiment 2, elements having the same operations,
configurations, and functions as those of embodiment 1
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 2 differs
from the dual-band antenna device of embodiment 1 with
respect to the configuration of the feeding electrode and
particularly with respect to the configurations of the second
branch feeding electrode and the adjusting elements.

FIG. 9 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 2.
As illustrated in FIG. 9, in the configuration of the dual-band
antenna device of embodiment 2, similarly to as in the
configuration of embodiment 1, conductor electrode patterns
consisting of the rectangular radiation electrode 2, a feeding
electrode 3B that branches into two branches, and the
ground electrode 4 that is grounded are formed on the same
plane. In the configuration of embodiment 2, a second
branch feeding electrode 3Bb of the feeding electrode 3B,
which is electrically connected to a center portion (high-
frequency feeding point B) of the long side 2a of the
radiation electrode 2, is electrically connected to the first
branch feeding electrode 3a via only the second adjusting
element 6, which is a capacitor element. The dual-band
antenna device of embodiment 2 differs from the above-
described meodification of embodiment 1 illustrated in FIG.
8 in that only one capacitor element is connected to the
feeding electrode 3B.

In the configuration of embodiment 2, the feeding elec-
trode 3B is electrically connected between the power source
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8 and the low-frequency feeding point A of the radiation
electrode 2 via the first adjusting element 5, which is an
inductor element, and is electrically connected between the
power source 8 and the high-frequency feeding point B of
the radiation electrode 2 via the second adjusting element 6,
which is a capacitor element.

In the thus-configured dual-band antenna device of
embodiment 2, the antenna efficiency can be optimized at
the respective resonant frequencies in both the low-fre-
quency band and the high-frequency band without the
antenna efficiency in the low-frequency band and the
antenna efficiency in the high-frequency band affecting each
other by using the radiation electrode 2 having a single
configuration and the branching feeding electrode 3B.
Therefore, the dual-band antenna device of embodiment 2 is
a dual-band antenna device that has excellent antenna per-
formance and can realize band widening.

Embodiment 3

Hereafter, the configuration of a dual-band antenna device
according to embodiment 3 of the present disclosure will be
described while focusing on the points that are different from
the configurations of embodiment 1 and embodiment 2. In
the description of embodiment 3, elements having the same
operations, configurations, and functions as those of
embodiment 1 described above are denoted by the same
reference symbols, and description thereof may be omitted
in order to avoid redundant description.

The dual-band antenna device of embodiment 3 differs
from the dual-band antenna device of embodiment 1 with
respect to the configuration of the feeding electrode.

FIG. 10 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 3.
As illustrated in FIG. 10, in the configuration of the dual-
band antenna device of embodiment 3, similarly to as in the
configuration of embodiment 1, conductor electrode patterns
consisting of the rectangular radiation electrode 2, a feeding
electrode 3C, and the ground electrode 4 that is grounded are
formed on the same plane.

In the configuration of embodiment 3, the feeding elec-
trode 3C, which electrically connects the radiation electrode
2 and the power source 8 to each other, is formed of a bent
line-shaped electrode pattern. One end of the feeding elec-
trode 3C is electrically connected to the low-frequency
feeding point A of the radiation electrode 2 via the first
adjusting element 5, which is an inductor element. In
embodiment 3, the position of the low-frequency feeding
point A of the radiation electrode 2 is at a center portion of
a short side 2¢ of the radiation electrode 2, which is a side
that is perpendicular to the longitudinal direction of the
radiation electrode 2. In other words, the low-frequency
feeding point A is formed close to an end portion of the
rectangular radiation electrode 2 in the longitudinal direc-
tion. On the other hand, the other end of the feeding
electrode 3C is electrically connected to the high-frequency
feeding point B of the radiation electrode 2 via the second
adjusting element 6, which is a capacitor element. In
embodiment 3, similarly to as in the configuration of
embodiment 1, the position of the high-frequency feeding
point B of the radiation electrode 2 is at the center portion
of the long side 2a of the radiation electrode 2 that extends
in the longitudinal direction.

In the configuration of the dual-band antenna device of
embodiment 3, when excitation is performed using a low-
frequency (for example, 2.4 GHz band) signal, a current
flows from the short side 2¢ of the radiation electrode 2
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toward another facing short side 2d of the radiation electrode
2 and the facing short side 2d acts as an open end. On the
other hand, when excitation is performed using a high-
frequency (for example, 5 GHz band) signal, the current
flows from the center portion (high-frequency feeding point
B) of the long side 2a of the radiation electrode 2 toward the
facing long side 25, and the facing long side 25 acts as an
open end.

In the thus-configured dual-band antenna device of
embodiment 3, the antenna efficiency can be optimized at
the respective resonant frequencies in both a low-frequency
band and a high-frequency band without the antenna effi-
ciency in the low-frequency band and the antenna efficiency
in the high-frequency band affecting each other by using the
radiation electrode 2 having a single configuration and the
feeding electrode 3C. Therefore, the dual-band antenna
device of embodiment 3 is a dual-band antenna device that
has excellent antenna performance and can realize band
widening.

Embodiment 4

Hereafter, the configuration of a dual-band antenna device
according to embodiment 4 of the present disclosure will be
described while focusing on the points that are different from
the configurations of embodiments 1 to 3. In the description
of embodiment 4, elements having the same operations,
configurations, and functions as those of embodiment 1
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 4 differs
from the dual-band antenna device of embodiment 1 in that
a part of an adjusting element is formed of a conductor
pattern.

FIG. 11 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 4.
As illustrated in FIG. 11, in the configuration of the dual-
band antenna device of embodiment 4, similarly to as in the
configuration of embodiment 1, conductor electrode patterns
consisting of the rectangular radiation electrode 2, a feeding
electrode 3D, and the ground electrode 4 that is grounded are
formed on the same plane.

In the configuration of embodiment 4, as illustrated in
FIG. 11, a second adjusting element 6D, which is a capacitor
element, is formed of a conductor pattern, and an electrode
60a is formed so as to be integrated with one end of the
feeding electrode 3D. The other eclectrode of the second
adjusting element 6D, which is a capacitor element, is a
center region of the long side 2a of the radiation electrode
2 arranged so as to face the one electrode 60a with a
predetermined distance therebetween. In other words, the
second adjusting element 6D is formed of an electrode
pattern arranged so as to face the center portion (high-
frequency feeding point B) of the long side 2a of the
radiation electrode 2 with a predetermined spacing (inter-
electrode distance) therebetween. The other end of the
feeding electrode 3D is electrically connected to the low-
frequency feeding point A of the radiation electrode 2 via the
first adjusting element 5, which is an inductor element.
Similarly to as in the configuration of embodiment 1, the
position of the low-frequency feeding point A of the radia-
tion electrode 2 is at an end portion of the long side 2a of the
radiation electrode 2 that extends in the longitudinal direc-
tion.

In the configuration of the dual-band antenna device of
embodiment 4, the current flows that occur when excitation
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is performed using signals of a low-frequency band and a
high-frequency band are the same as in the configuration of
embodiment 1, and the current flows toward the short side
2d (open end side) of the radiation electrode 2 in the case of
a low-frequency band and flows toward the long side 25
(open end side) of the radiation electrode 2 in the case of a
high-frequency band.

In the thus-configured dual-band antenna device of the
embodiment 4, the antenna efficiency can be optimized at
the respective resonant frequencies in both a low-frequency
band and a high-frequency band without the antenna effi-
ciency in the low-frequency band and the antenna efficiency
in the high-frequency band affecting each other by using the
radiation electrode 2 having a single configuration and the
feeding electrode 3D. In addition, in the configuration of
embodiment 4, since a part of an adjusting element is formed
of'a conductor pattern, the process of mounting the adjusting
element can be simplified, manufacturing is simplified, and
the manufacturing cost can be reduced. Therefore, the dual-
band antenna device of embodiment 4 can realize a dual-
band antenna device that has excellent antenna performance
and is low in cost.

Furthermore, in the configuration of the dual-band
antenna device of embodiment 4, since the second adjusting
element 6D, which is a capacitor element, is formed of a
conductor pattern that is integrated with the feeding elec-
trode 3D, it is possible to reduce manufacturing loss and
improve manufacturing efficiency, and a device having
stable quality and high antenna performance can be realized.

Embodiment 5

Hereafter, the configuration of a dual-band antenna device
according to embodiment 5 of the present disclosure will be
described while focusing on the points that are different from
the configurations of embodiments 1 to 4. In the description
of embodiment 5, elements having the same operations,
configurations, and functions as those of embodiment 1
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 5 differs
from the dual-band antenna device of embodiment 1 in that
a second adjusting element (6E), which is a capacitor
element, is formed of conductor patterns similarly to as in
the configuration of embodiment 4 described above.

FIG. 12 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 5.
As illustrated in FIG. 12, in the configuration of the dual-
band antenna device of embodiment 5, similarly to as in the
configuration of embodiment 4 illustrated in FIG. 11, the
second adjusting element 6E, which is a capacitor element,
is formed of conductor patterns and is formed between a
feeding electrode 3E and the radiation electrode 2. That is,
the second adjusting element 6E, which is a capacitor
element, is formed of a bent first electrode 61a, which
extends from the center portion (high-frequency feeding
point B) of the long side 2a of the radiation electrode 2, and
a second electrode 6154 that has a bent shape so as to face the
bent first electrode 61a and is formed so as to integrated with
one end of the feeding electrode 3E. The first electrode 61a
and the second electrode 615 are arranged with a predeter-
mined spacing therebetween and so as to have a predeter-
mined facing region, therefore a desired capacitance is
secured for the feeding electrode 3E.

In the configuration of embodiment 5, the other end of the
feeding electrode 3E is electrically connected to the low-
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frequency feeding point A of the radiation electrode 2 via the
first adjusting element 5, which is an inductor element.
Similarly to as in the configuration of embodiment 1, the
position of the low-frequency feeding point A of the radia-
tion electrode 2 is at an end portion of the long side 2a of the
radiation electrode 2 that extends in the longitudinal direc-
tion and is at a position close to the ground electrode 4. In
addition, the power source 8 is electrically connected to the
feeding electrode 3E. In the feeding electrode 3E, the signals
of the low-frequency band and the high-frequency band
from the power source 8 are branched and fed to the
low-frequency feeding point A and the high-frequency feed-
ing point B of the radiation electrode 2.

In the configuration of the dual-band antenna device of
embodiment 5, the current flows that occur when excitation
is performed using signals of a low-frequency band and a
high-frequency band are the same in the configuration of
embodiment 1, and the current flows toward the short side
2d (open end side) of the radiation electrode 2 in the case of
a low-frequency band and flows toward the long side 26
(open end side) of the radiation electrode 2 in the case of a
high-frequency band.

In the thus-configured dual-band antenna device of
embodiment 5, the antenna efficiency can be optimized at
the respective resonant frequencies in both a low-frequency
band and a high-frequency band without the antenna effi-
ciency in the low-frequency band and the antenna efficiency
in the high-frequency band affecting each other by using the
radiation electrode 2 having a single configuration and the
feeding electrode 3E. In addition, in embodiment 5, since the
second adjusting element (6E) is formed of conductor pat-
terns, the process of mounting the adjusting element can be
simplified, the manufacturing cost can be reduced, and
manufacturing efficiency can be improved. Furthermore, the
dual-band antenna device of embodiment 5 is a device
having stable quality and high antenna performance.

Embodiment 6

Hereafter, the configuration of a dual-band antenna device
according to embodiment 6 of the present disclosure will be
described while focusing on the points that are different from
the configurations of embodiments 1 to 5. In the description
of embodiment 6, elements having the same operations,
configurations, and functions as those of embodiment 1
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 6 differs
from the dual-band antenna device of embodiment 1 in that
a second adjusting element (6F), which is a capacitor
element, is formed of conductor patterns similarly to as in
the configurations of embodiment 4 and embodiment 5
described above.

FIG. 13 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 6.
As illustrated in FIG. 13, in the configuration of the dual-
band antenna device of embodiment 6, the second adjusting
element 6F, which is a capacitor element, is formed of
conductor patterns. The second adjusting element 6F in
embodiment 6 is configured such that an end portion of the
feeding electrode 3F that is on the radiation electrode 2 side
forms one electrode 62a that is formed in a flat plate shape
and the electrode 62a is arranged so as to sandwich a
dielectric (the base 1) between the electrode 62a and the rear
surface of the radiation electrode 2. In other words, the
electrode pattern of the feeding electrode 3F is disposed on
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the rear surface side of the base body 1 (see FIG. 1), which
is formed of a dielectric material, and the electrode 62a,
which is formed in a flat plate shape, is provided at an end
portion of the feeding electrode 3F. Therefore, one flat plate
electrode of the second adjusting element 6F, which is a
capacitor element, is the electrode 624 that is formed in a flat
plate shape on the rear surface side, and the other flat plate
electrode of the second adjusting element 6F consists of a
center portion region of the long side 2a of the radiation
electrode 2. In the configuration of the dual-band antenna
device of embodiment 6, the second adjusting element 6F is
formed of electrodes (2a and 62a) that are arranged so as to
face each other with a dielectric sandwiched therebetween.

In the dual-band antenna device of embodiment 6, the
capacitance of a capacitor element can be easily set to a
desired value by forming the second adjusting element 6F as
described above. Furthermore, in the configuration of
embodiment 6, the power source 8 is electrically connected
to the feeding electrode 3F. In the feeding electrode 3F, the
signals of the low-frequency band and the high-frequency
band from the power source 8 are branched and fed to the
low-frequency feeding point A and the high-frequency feed-
ing point B of the radiation electrode 2.

In the thus-configured dual-band antenna device of
embodiment 6, the antenna efficiency can be optimized at
the respective resonant frequencies in both the low-fre-
quency band and the high-frequency band without the
antenna efficiency in the low-frequency band and the
antenna efficiency in the high-frequency band affecting each
other by using the radiation electrode 2 having a single
configuration and the feeding electrode 3F. In addition, in
the configuration of embodiment 6, since the second adjust-
ing element (6F) is formed of conductor patterns having
simple configurations, the process of mounting the adjusting
element can be simplified, manufacturing is simplified, and
the manufacturing cost can be reduced. Furthermore, the
dual-band antenna device of embodiment 6 is a device
having stable quality and high antenna performance.

Embodiment 7

Hereafter, the configuration of a dual-band antenna device
according to embodiment 7 of the present disclosure will be
described while focusing on the points that are different from
the configurations of embodiments 1 to 6. In the description
of embodiment 7, elements having the same operations,
configurations, and functions as those of embodiment 1
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 7 differs
from the dual-band antenna device of embodiment 1 in that
a part of an adjusting element is formed of a conductor
pattern.

FIG. 14 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 7.
As illustrated in FIG. 14, in the configuration of the dual-
band antenna device of embodiment 7, similarly to as in the
configuration of embodiment 1, conductor electrode patterns
consisting of the rectangular radiation electrode 2, a feeding
electrode 3G, and the ground electrode 4 that is grounded are
formed on the same plane.

In the configuration of embodiment 7, as illustrated in
FIG. 14, a first adjusting element 5G, which is an inductor
element, is formed of a conductor pattern (50a), and the first
adjusting element 5G (50qa) is integrated with the radiation
electrode 2 and the feeding electrode 3G. The first adjusting
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element 5G, which is an inductor element, is formed at a
short side (right short side in FIG. 14) of the radiation
electrode 2. The first adjusting element 5G has a meandering
shape in which the current path winds back and forth in the
lateral direction and secures a desired inductance.

In the configuration of embodiment 7, one end of the
meandering shaped first adjusting element 5G (50q) is
connected to a corner part (end portion) region of the
radiation electrode 2 between the long side 2a of the
radiation electrode 2 that extends in the longitudinal direc-
tion and a short side of the radiation electrode 2. On the other
hand, the other end of the first adjusting element 5G (50q)
is connected to the feeding electrode 3G. The power source
8 is connected to a center part of the feeding electrode 3G.
Therefore, the feeding electrode 3G forms a low-frequency
feeding path X that is connected from the power source 8 to
an end portion of the long side 2a of the radiation electrode
2 via the first adjusting element 5G and forms a high-
frequency feeding path Y that is connected from the power
source 8 to a center portion (high-frequency feeding point B)
of'the long side 2a of the radiation electrode 2 via the second
adjusting element 6.

In the thus-configured dual-band antenna device of
embodiment 7, the antenna efficiency can be optimized at
the respective resonant frequencies in both a low-frequency
band and a high-frequency band without the antenna effi-
ciency in the low-frequency band and the antenna efficiency
in the high-frequency band affecting each other by using the
radiation electrode 2 having a single configuration and the
feeding electrode 3G. In addition, in the configuration of
embodiment 7, since the first adjusting element 5G is formed
of'a conductor pattern, the process of mounting the adjusting
element can be simplified, manufacturing is simplified, and
the manufacturing cost can be reduced. Therefore, the dual-
band antenna device of embodiment 7 can realize a dual-
band antenna device that has excellent antenna performance
and is low in cost.

In addition, in the configuration of the dual-band antenna
device of embodiment 7, since the first adjusting element 5G
(50a), which is an inductor element, is formed of a conduc-
tor pattern, the manufacturing process can be simplified, the
manufacturing cost can be reduced, and the manufacturing
efficiency can be improved. Furthermore, the dual-band
antenna device of embodiment 7 is a device having stable
quality and high antenna performance.

Embodiment 8

Hereafter, the configuration of a dual-band antenna device
according to embodiment 8 of the present disclosure will be
described while focusing on the points that are different from
the configuration of embodiment 7. In the description of
embodiment 8, elements having the same operations and
functions as in the configurations of embodiments 1 to 7
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 8 is iden-
tical to the dual-band antenna device of embodiment 7
except for the pattern shape of the conductor of a first
adjusting element 5H.

FIG. 15 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 8.
As illustrated in FIG. 15, in the configuration of the dual-
band antenna device of embodiment 8, the first adjusting
element 5H, which is an inductor element, is formed of a
conductor pattern (51a) and is integrated with the radiation
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electrode 2 and a feeding electrode 3H. The first adjusting
element 5H (51a), which is an inductor element, is formed
at a short side (right short side in FIG. 15) of the radiation
electrode 2. The first adjusting element 5H is formed in a
meandering shape in which the current path winds back and
forth in the longitudinal direction and secures a desired
inductance.

In the configuration of embodiment 8, one end of the
meandering shaped first adjusting element 5H (51a) is
connected to a short side region of the radiation electrode 2.
On the other hand, the other end of the first adjusting
element 5H (51a) is connected to the feeding electrode 3H.
The power source 8 is connected to a center part of the
feeding electrode 3H. Therefore, the feeding electrode 3H
forms a low-frequency feeding path X that is connected
from the power source 8 to a short-side region of the
radiation electrode 2 via the first adjusting element SH and
forms a high-frequency feeding path Y that is connected
from the power source 8 to a center portion (high-frequency
feeding point B) of the long side 2a of the radiation electrode
2 via the second adjusting element 6.

In the thus-configured dual-band antenna device of
embodiment 8, the antenna efficiency can be optimized at
the respective resonant frequencies in both a low-frequency
band and a high-frequency band without the antenna effi-
ciency in the low-frequency band and the antenna efficiency
in the high-frequency band affecting each other by using the
radiation electrode 2 having a single configuration and the
feeding electrode 3H.

In addition, in the configuration of the dual-band antenna
device of embodiment 8, since the first adjusting element SH
(51a), which is an inductor element, is formed of a conduc-
tor pattern, the manufacturing process can be simplified, the
manufacturing cost can be reduced, and the manufacturing
efficiency can be improved. Furthermore, the dual-band
antenna device of embodiment 8 is a device having stable
quality and high antenna performance. Therefore, the dual-
band antenna device of embodiment 8 can realize a dual-
band antenna device that has excellent antenna performance
and is low in cost.

Embodiment 9

Hereafter, the configuration of a dual-band antenna device
according to embodiment 9 of the present disclosure will be
described while focusing on the points that are different from
the configuration of embodiment 1. In the description of
embodiment 9, elements having the same operations and
functions as in the configurations of embodiments 1 to 7
described above are denoted by the same reference symbols,
and description thereof may be omitted in order to avoid
redundant description.

The dual-band antenna device of embodiment 9 differs
from the dual-band antenna device of embodiment 1 with
respect to the electrode patterns of the radiation electrode
and the feeding electrode and the configurations of the
adjusting elements.

FIG. 16 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment 9.
As illustrated in FIG. 16, in the configuration of the dual-
band antenna device of embodiment 9, the configuration of
a radiation electrode 2] is different. The shape of the
radiation electrode 2J is a shape obtained by obliquely
cutting off parts on both sides of a center part of the long side
2a of a rectangular shape while leaving the center part of the
long side 2a that faces the ground electrode 4. In other
words, a center region 205 of the radiation electrode 2J that
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faces the ground electrode 4 has a convex shape in which the
center portion projects and both sides of the center portion
are formed of gentle slopes. The center region 2056 (protrud-
ing part) of the radiation electrode 2] is electrically con-
nected to a feeding electrode 3J via the second adjusting
element 6, which is a capacitor element.

The long side 256 of the radiation electrode 27 that is on the
opposite side from the ground electrode 4 is formed with the
long side of the rectangular shape remaining unaltered and
extends linearly along the longitudinal direction of the
radiation electrode 2J. Therefore, in the radiation electrode
2] in embodiment 9, the region on the ground electrode 4
side has a substantially trapezoidal shape and the remaining
region has a rectangular shape, and the radiation electrode 2]
has a shape that is a combination of these shapes.

In addition, a lead out portion 20a that is linearly extends
toward the ground electrode 4 is formed at an end portion
(right end portion in FIG. 16) of the radiation electrode 2J
in the longitudinal direction. A led out end portion of the lead
out portion 20a is electrically connected to the feeding
electrode 3J via the first adjusting element 5. In the con-
figuration of embodiment 9, the led out end of the lead out
portion 20a of the radiation electrode 2J serves as the
low-frequency feeding point A.

In the configuration of embodiment 9, the feeding elec-
trode 3] electrically connects, to the power source 8 via the
first adjusting element 5, the lead out portion 20a (low-
frequency feeding point) that extends from a short side
region of the radiation electrode 2. On the other hand, the
feeding electrode 3] electrically connects the high-fre-
quency feeding point B of the center region 205 of the
radiation electrode 2J to the power source 8 via the second
adjusting element 6.

In the configuration of embodiment 9, when excitation is
performed using a low-frequency (for example, 2.4 GHz
band), the current flows from the lead out portion 20a
(low-frequency feeding point A) of the radiation electrode 2J
toward another short side (2d) region, and the other short
side 2d acts as an open end. On the other hand, when
excitation is performed using a high-frequency (for
example, 5 GHz band) signal, the current flows from the
center region 205 (high-frequency feeding point B) of the
radiation electrode 2J toward another long side (26) region,
and the other long side 25 acts as an open end. In the
configuration of embodiment 9, the convex-shaped center
region 2056 having gentle slopes on both sides of the high-
frequency feeding point B is provided and therefore the
current in the radiation electrode 2J flows in a well-balanced
manner through the center region 205 and antenna efficiency
can be improved.

Furthermore, in the configuration of embodiment 9, the
shape of the radiation electrode 2J is not specified as a
rectangular shape, and a dual-band antenna device of the
present disclosure can be configured in accordance with the
shape of the base 1, which is a substrate, and a reduction in
device size can be achieved.

In the thus-configured dual-band antenna device of
embodiment 9, the antenna efficiency can be optimized at
the respective resonant frequencies in both the low-fre-
quency band and the high-frequency band without the
antenna efficiency in the low-frequency band and the
antenna efficiency in the high-frequency band affecting each
other by using the radiation electrode 2 having a single
configuration and the feeding electrode 3J. In addition, in the
configuration of embodiment 9, antenna performance can be
increased by providing the radiation electrode 2J with a
particular shape. Therefore, the dual-band antenna device of
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embodiment 9 can realize a dual-band antenna device that
has excellent antenna performance and is low in cost.

Embodiment 10

Hereafter, the configuration of a dual-band antenna device
according to embodiment 10 of the present disclosure will
be described while focusing on points that are different from
the dual-band antenna devices of embodiments 1 to 9. In the
description of embodiment 10, elements having the same
operations, configurations, and functions as those of
embodiment 1 described above are denoted by the same
reference symbols, and description thereof may be omitted
in order to avoid redundant description.

The dual-band antenna device of embodiment 10 differs
from the dual-band antenna device of embodiment 1 with
respect to a feeding electrode and a first adjusting element
and a second adjusting element that are connected to the
feeding electrode.

FIG. 17 is a diagram schematically illustrating the con-
figuration of the dual-band antenna device of embodiment
10. As illustrated in FIG. 17, in the configuration of the
dual-band antenna device of embodiment 10, the first adjust-
ing element 5 is electrically connected to the center portion
of the long side 2a of the radiation electrode 2 that extends
in the longitudinal direction. In addition, the second adjust-
ing element 6 is electrically connected to an end portion of
the long side 2a of the radiation electrode 2 that extends in
the longitudinal direction. In other words, in the configura-
tion of the dual-band antenna device of embodiment 10, the
low-frequency feeding point A is formed at the center
portion of the long side 2a of the radiation electrode 2, and
the high-frequency feeding point B is formed at an end
portion of the long side 2a of the radiation electrode 2.

The thus-configured dual-band antenna device of embodi-
ment 10 exhibits favorable antenna characteristics especially
at the frequencies in the low-frequency band. Therefore, in
particular, in the case where the antenna characteristics in a
low-frequency band are to be improved, this can be achieved
by adopting the configuration described in embodiment 10.

The configuration of embodiment 10 is a configuration for
improving the antenna characteristics especially in the low-
frequency band by swapping the positions of electrical
connections to the radiation electrode 2 between the first
adjusting element 5 and the second adjusting element 6, and
this configuration can also be applied to the configurations
of the above-described first to ninth embodiments by simi-
larly swapping the positions.

As described above, in a dual-band antenna device of the
present disclosure, the antenna efficiency can be optimized
at the resonant frequencies in both a low-frequency band and
a high-frequency band without the antenna efficiency in the
low-frequency band and the antenna efficiency in the high-
frequency band affecting each other by changing the feeding
points for the low-frequency band and the high-frequency
band by using a radiation electrode having a single configu-
ration and a feeding electrode that substantially branches.
Therefore, the dual-band antenna device of the present
disclosure has excellent antenna performance and can real-
ize band widening.

Although the present disclosure has been described in a
certain degree of detail in each embodiment, these configu-
rations are exemplary, and the disclosed contents of these
embodiments should be changed in the particulars of the
configurations. In the present disclosure, the elements in
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each embodiment can be replaced, combined, and changed
in terms of order without departing from the scope and spirit
of the claimed disclosures.

The present disclosure can provide a dual-band antenna
device having excellent antenna characteristics, and there-
fore can be used as the antenna of various products in
wireless communication devices and has high versatility.

1 base

2 radiation electrode

3 feeding electrode

3a first branch feeding electrode

3b second branch feeding electrode

3¢ common feeding electrode

4 ground electrode

5 first adjusting element (inductor element)

6 second adjusting element (capacitor element)

7 third adjusting element (capacitor element)

8 power source

A connection point (low-frequency feeding point)

B connection point (high-frequency feeding point)

C branching point

X first current path (low-frequency feeding path)

Y second current path (high-frequency feeding path)

The invention claimed is:

1. A dual-band antenna device comprising: a power
source outputting low-frequency and high-frequency sig-
nals; a feeding electrode, wherein the low-frequency and
high-frequency signals are supplied from the power source
to the feeding electrode, and the feeding electrode branches
into a first branch feeding electrode and a second branch
feeding electrode, wherein the first branch feeding electrode
mainly serves as a low-frequency signal path, and the second
branch feeding electrode mainly serves as a high-frequency
signal path;

a radiation electrode having a rectangular shape in a
longitudinal direction, and having a low-frequency
feeding point and a high-frequency feeding point,
wherein the first branch feeding electrode is electrically
connected to the low-frequency feeding point, and the
second branch feeding electrode is electrically con-
nected to the high-frequency feeding point;

an inductor element provided in the feeding electrode and
forming the low-frequency signal path in the feeding
electrode; and

a capacitor element provided in the feeding electrode and
forming the high-frequency signal path in the feeding
electrode,

wherein in the radiation electrode;

the low-frequency feeding point is provided close to an
end portion of the rectangular shape in the longitudinal
direction and the high-frequency feeding point is pro-
vided at a center portion of a side of the rectangular
shape extending in the longitudinal direction, or the
high-frequency feeding point is provided close to an
end portion of the rectangular shape in the longitudinal
direction and the low-frequency feeding point is pro-
vided at a center portion of a side of the rectangular
shape extending in the longitudinal direction

wherein when the low-frequency signal is supplied from
the power source, current of the radiation electrode
flows in the longitudinal direction from the low-fre-
quency feeding point provided close to the end portion
of the radiation electrode, and

wherein when the high-frequency signal is supplied from
the power source, current of the radiation electrode
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flows in a lateral direction from the high-frequency
feeding point provided at the center portion of the
radiation electrode.

2. The dual-band antenna device according to claim 1,
wherein in the radiation electrode, the low-frequency feed-
ing point is provided close to an end portion of a side of the
rectangular shape extending in the longitudinal direction and
a low-frequency signal is supplied from the power source to
the low-frequency feeding point, and the high-frequency
feeding point is provided at a center portion of a side of the
rectangular shape extending in the longitudinal direction and
a high-frequency signal is supplied from the power source to
the high-frequency feeding point.

3. The dual-band antenna device according to claim 2,
wherein the inductor element is provided on a path extend-
ing from the power source to the low-frequency feeding
point of the radiation electrode via the first branch feeding
electrode.

4. The dual-band antenna device according to claim 2,
wherein the capacitor element is provided on a path extend-
ing from the power source to the high-frequency feeding
point of the radiation electrode via the second branch
feeding electrode.

5. The dual-band antenna device according to claim 2,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.

6. The dual-band antenna device according to claim 1,
wherein in the radiation electrode, the low-frequency feed-
ing point is provided on a side of the rectangular shape
extending in a direction perpendicular to the longitudinal
direction and a low-frequency signal is supplied from the
power source to the low-frequency feeding point, and the
high-frequency feeding point is provided at a center portion
of a side of the rectangular shape extending in the longitu-
dinal direction and a high-frequency signal is supplied from
the power source to the high-frequency feeding point.

7. The dual-band antenna device according to claim 6,
wherein the inductor element is provided on a path extend-
ing from the power source to the low-frequency feeding
point of the radiation electrode via the first branch feeding
electrode.

8. The dual-band antenna device according to claim 6,
wherein the capacitor element is provided on a path extend-
ing from the power source to the high-frequency feeding
point of the radiation electrode via the second branch
feeding electrode.

9. The dual-band antenna device according to claim 6,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.

10. The dual-band antenna device according to claim 1,
wherein the inductor element is provided on a path extend-
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ing from the power source to the low-frequency feeding
point of the radiation electrode via the first branch feeding
electrode.

11. The dual-band antenna device according to claim 10,
wherein the capacitor element is provided on a path extend-
ing from the power source to the high-frequency feeding
point of the radiation electrode via the second branch
feeding electrode.

12. The dual-band antenna device according to claim 10,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.

13. The dual-band antenna device according to claim 1,
wherein the capacitor element is provided on a path extend-
ing from the power source to the high-frequency feeding
point of the radiation electrode via the second branch
feeding electrode.

14. The dual-band antenna device according to claim 13,
wherein at least two capacitor elements are provided on the
path extending from the power source to the high-frequency
feeding point of the radiation electrode via the second
branch feeding electrode.

15. The dual-band antenna device according to claim 14,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.
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16. The dual-band antenna device according to claim 13,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.

17. The dual-band antenna device according to claim 1,
further comprising: a ground electrode, wherein the power
source is connected to the ground electrode; wherein the
radiation electrode has a convex shape projecting toward the
ground electrode, the high-frequency feeding point is
arranged at a center portion of the convex shape and the
second branch feeding electrode is electrically connected to
the high-frequency feeding point, and when excitation is
performed using a high-frequency signal, a long side of the
rectangular shape extending in the longitudinal direction and
facing the convex shape acts as an open end.

18. The dual-band antenna device according to claim 1,
wherein the feeding electrode includes a common feeding
electrode, low-frequency and high-frequency signals are
supplied from the power source to the common feeding
electrode, and the common feeding electrode branches into
the first branch feeding electrode and the second branch
feeding electrode, and the inductor element is electrically
connected to the first branch feeding electrode, and the
capacitor element is electrically connected to the second
branch feeding electrode.

19. The dual-band antenna device according to claim 1,
wherein the inductor element comprises a conductor pattern
having an inductance.

20. The dual-band antenna device according to claim 1,
wherein the capacitor element comprises a conductor pattern
having a capacitance.
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